Article Info Received : 08.08.2017 Accepted : 09.06.2018 Soil acidity is a critical issue necessitating urgent attention in most highlands of Ethiopia due to its impact on crop production productivity. Application of organic and inorganic amendments could effectively minimize the problem and improve the fertility level of the soil. Accordingly, a greenhouse experiment was conducted to evaluate the effects of sole and combined applications of lime, FYM, compost and P on soil chemical properties incubated at 20, 40 and 60 days. The treatments were arranged in a completely randomized design with three replications. The results indicated that various treatment combinations raised the soil pH at the 40 days of incubation. All treatments showed increased P availability consistently with increasing time of incubation. Maximum available P was observed at the 60 days of incubation due to application of 8 t FYM ha -1 + 30 kg P ha -1 + 5 t lime ha -1 followed by 8 t compost ha -1 + 30 kg P ha -1 + 5 t lime ha -1 . Exchangeable acidity and Al were reduced at the 40 and 60 days of incubation with the application of 30 kg P ha -1 + 10 t lime ha -1 followed by 4 t FYM or compost ha -1 + 15 kg P ha -1 + 10 t lime ha -1 . Highest exchangeable Ca was obtained at 20 days of incubation with the application of 30 kg P ha -1 + 10 t lime ha -1 followed by 4 t ha -1 FYM + 15 kg P ha -1 + 10 t lime ha -1 . Sole addition of 10 t lime ha -1 elevated ECEC from 19.29 to 22.30 cmolc kg -1 at the 40 days of incubation. Likewise, combined applications of 30 kg P ha -1 + 10 t lime ha -1 improved ECEC of the soil from 19.53 to 24.27 cmolc kg -1 at the 40 days of incubation. Integrated applications of organic and inorganic amendments were found more effective to reduce soil acidity and Al 3+ concentration with increasing the fertility of the soil.
Introduction
Soil acidity is a critical issue requiring urgent attention in most highlands of Ethiopia due to its impact on crop production and productivity (Tessema et al., 2012) . Recent studies have also indicated that soil acidity affects large areas of the cultivated lands in different parts of Ethiopia (Wassie and Shiferaw, 2009; Melese and Yli-Halla, 2016) . Most acidic soils have been found to be low in fertility, have poor chemical and biological properties. Strong soil acidity is associated with Al, H, Fe, Mn toxicities to plant roots in the soil solutions and corresponding deficiencies of the available P, Mo, Ca, Mg and K (Kisinyo et al., 2014) . Aluminum toxicity primary affects the root apex and causes stunting of the primary root and inhibition of lateral root formation. Several practices have been recommended to reclaim acidity and upgrade the productivity of strongly acidic soils. These include the cultivation of acid tolerant plants, covering the surface with non-acidic soil, the use of organic fertilizers, and liming. Of these practices, liming and the application of organic fertilizers are generally considered to be the best measures, because their effects are more persistent (Chen et al., 2001) . However, the unaffordability of fertilizers and lime, and unsustainable crop production calls for use of locally available low cost organic sources through manures, green manures, and mineral fertilizers in a harmonized combination for sustainable production and soil quality. Lime in the form of calcium carbonate or dolomite is applied to acid soils to increase the pH, Ca concentration, CEC and base saturation, and to eliminate Al and Mn toxicity and P fixation (Fageria and Baligar, 2003; Ano and Ubochi, 2007) . Another research indicated liming can increase, decrease, or have no effect on P availability (Anjos and Rowell, 1987) . However, the recent studies (Crawford et al., 2008; Osundwa et al., 2013; Melese and Yli-Hall, 2016 ) indicated a significant increase in Olsen P due to liming acidic soils. Addition of manure and compost to acidic soils is potentially a feasible approach for increasing soil pH, decreasing concentrations of Al, reducing lime requirements (Mokolobate and Haynes, 2002; Crawford et al., 2008; Opala et al., 2012) . Application of OM like compost and manures provide nutrients and improve the physical properties the soil (Chiu et al., 2006) . The role of composts as a complimentary amendment for improving the soil aggregation, increasing the microbial biomass, improving the moisture holding capacity, raising the CEC and pH of the soil has been recognized by various researchers (Valarini et al., 2009; Martínez-Blanco et al., 2013) . Although all these mentioned organic and inorganic amendments have significant contribution to reduce soil acidity and improve soil fertility and nutrient transfer, farming in the highlands of Ethiopia is characterized by low agricultural productivity as compared with developed countries due to progressive soil fertility decline over the years, and inadequate applications of amendments. The amount and the time of separate or combined applications of lime, manure, compost and inorganic fertilizers applied to the soil and the chemical effects observed are not sufficiently investigated in various areas of Ethiopia. Improved soil fertility, and acidity management through the use of combining organic and inorganic amendments enable efficient use of the inputs applied and increase agricultural productivity. However, manure or compost is used mostly on small plots that are located around the household's residence, and the quantity of amendments and the time of application is not research based to ameliorate the soil and meet the need of crops. Hence, this study was proposed with the objective of determining the effects of lime, mineral P, FYM and compost on selected soil chemical properties at different period of incubation of cultivated acidic soils at Lay Gayint district.
Material and Methods
Description of the study area The study was conducted at Lay Gayint district of South Gondar Zone of the Amhara National Regional State (ANRS), Ethiopia. Lay Gayint district is located at about 175 km northeast of Bahir Dar, along the WoretaWoldia highway (Figure 1 ). The district lies between the coordinates of 11°32'-12°16' N and 38°12'-38°19' E, and covers an estimated area of 1511 km 2 . Altitude of Lay Gayint district varies between 1500 and 4235 meters above sea level (masl). Physiographically, the area is characterized by plain (10%), undulating (70%), mountainous (15%) and gorges and valleys (5%). The major land use patterns of the study area comprise of cultivated land (44%), grazing land (14%), forest/bush land (5%), water body (2%) infrastructure and settlement (6%), and unproductive land (29%). Agro-ecologically, the district is divided into four elevation and temperature zones, namely: lowland (kolla) (12.5%), midland (woina-dega) (39.42%), highland (dega) (45.39%), and wurch (very cold or alpine) (2.71%) (Addisu and Menberu, 2015) . Lay Gayint district receives a mean annual rainfall of 1020 mm. The main rainy season, which represents the long rainy season (meher), occurs between June and September, and the small rainy season (belg) occurs between March and May. The mean minimum and maximum air temperature of the district are 6.9 and 21.9 ⁰C, respectively (ENMSA, 2017) . Soil sampling and sample preparation Surface soil samples of cultivated lands at Lay Gayint district, with pH less than 5.5 was measured at field condition using portable pH meter, were collected in bulk using auger and spade at 0 to 20 cm soil depth. The collected soil samples were bulked to make a composite sample. The soil samples were air dried, crushed and made to pass through a 2 mm sieve size for the analysis of soil pH, texture, available P, exchangeable bases, exchangeable acidity and Al, and CEC. For analysis of OC and total N, samples were made to pass through 0.5 mm sieve size. The composite soil samples were analyzed based on standard laboratory procedures. Soil texture was determined using Bouyoucos hydrometer method (Day, 1965) . Bulk density (BD) was determined from undisturbed (core) soil samples collected using core samplers, weighed at field moisture content and then dried in an oven at 105 o C (Baruah and Barthakur, 1997) . The pH of the soil was measured potentiometrically in the supernatant suspension of a 1:2.5 soil to water ratio using a pH meter. Organic carbon was determined using the wet oxidation method (Walkley and Black, 1934) where the carbon was oxidized under standard conditions with potassium dichromate (K2Cr2O7) in sulfuric acid (H2SO4) solution. Total N was determined by the Kjeldahl method (Jackson, 1967) while available P was extracted using the sodium bicarbonate solution following the procedure described by Olsen et al. (1954) . The exchangeable cations (Ca, Mg, K and Na) were extracted with 1 M ammonium acetate (NH4OAc) solution at pH 7.0 (Jackson, 1967) . Exchangeable Ca and Mg in the leachate were determined by atomic absorption spectrophotometer (AAS), while exchangeable K and Na were determined by flame photometry (Rowell, 1994) . Lime requirement (LR) of the soil was determined by Shoemaker, McLean and Pratt (SMP) single buffer procedure (Shoemaker et al., 1961) . The potential cation exchange capacity (CEC) of the soil was determined from the NH4 + saturated samples that were subsequently replaced by K + using KCl solution. The excess salt was removed by washing with ethanol and the NH4 + that was displaced by K + was measured using the microKjeldahl procedure (Chapman, 1965) and reported as CEC. Total exchangeable acidity was determined by saturating the soil samples with 1 M KCl solution and was titrated with 0.02 M NaOH as described by Rowell (1994) . From the same extract, exchangeable Al in the soil samples was determined by application of 1 M NaF which formed a complex with Al and released NaOH and then NaOH was back titrated with a standard solution of 0.02 M HCl. The analytical soil data is indicated in Table 1 . Manure and compost pH was measured in water (soil: solution ratio of 1:5) using a pH meter with a glass and reference calomel electrode after the suspensions was shaken for 30 minutes and allowed to stand for 1 hour (John, 2003) . Total N content was determined by Kjedahl method as described by Jackson (1967) . The organic carbon was determined by wet oxidation method through chromic acid digestion (Walkley and Black, 1934) . Total P, K, Ca, Mg and Fe were determined following wet digestion with H2O2/H2SO4 (Okalebo et al., 2002) . Total Ca, Mg, K and Na were determined by AAS and P measured as described by Murphy and Riley (1962) . The neutralization value of the Dejen lime was determined by dissolving a graduated amount of lime with excess of standard 0.5 M HCl ( Table 2 ). The excess acid was back titrated with standard 0.1 M NaOH solution using phenolphthalein as an indicator after filtration. From the amount of NaOH used to neutralize the excess acid of the blank and the filtrate, the neutralization value of the lime was calculated. 
Incubation study
Based on the pH and the LR, composite soil samples of the acidic soil were selected for this experiment. The composite soil samples were air dried ground and passed with 2 mm sieve and then placed separately in plastic containers and mixed with different treatments in a laboratory. The treatments were lime, mineral P fertilizer, FYM and compost which were applied separately and in systematic combination at different rates (Table 1) . Manure and compost, dried and ground to pass through a 0.25 mm sieve, were added. Lime with a known mesh size was added based on the LR of the soil. The lime used for the experiments was found to have a neutralization value of 93.8 %. A completely randomized design (CRD) was used and treatments were replicated three times. The study was conducted in plastic containers with 500 g of soil in each plastic container. Lime, mineral P fertilizer, manure and compost were incubated for two months in the greenhouse. All pots were subjected to wetting and drying cycles during the incubation period. Soil samples were drawn at 20, 40 and 60 days of the incubation period and then were air dried, ground and sieved through a 2 mm sieve and used for analysis of soil pH, exchangeable acidity, exchangeable Al, exchangeable bases, ECEC and available P.
Statistical analysis
The data obtained was subjected to analysis of variance (ANOVA) following procedures that are appropriate to experimental design with the help of statistical analysis system (SAS) software package version 9.1. Duncan's Multiple Range Test (DMRT) was employed to test the significance difference between means of treatments.
Results and Discussion
Effects of organic and inorganic amendments on soil pH and available P Soil pH was significantly (P < 0.001) increased with single or combined applications of treatments except sole P. Soil pH improvement was observed at the 20 days of incubation and continued rise to the 40 days and declined to the 60 days for some of the treatments (Table 4) . Application of 30 kg P ha -1 + 10 t lime ha -1 followed by 4 t FYM ha -1 + 15 kg P ha -1 + 10 t lime ha -1 showed a marked increase in pH at the 20 and 40 days of incubation and a decrease at 60 days of incubation. Regarding to separately applied treatments, the effect of lime to reduce the level of soil acidity was observed more immediate as depicted in Table 4 . Application of organic and inorganic amendments significantly improved available P at various period of incubation over the control. All treatments showed increased P availability consistently with increasing time of incubation. Maximum available P was observed at the 60 days of incubation due to application of 8 t FYM ha -1 + 30 kg P ha -1 + 5 t lime ha -1 followed by 8 t compost ha -1 + 30 kg P ha -1 + 5 t lime ha -1 . On the other hand, more available P was obtained at the 20 days of incubation with combination of 30 kg P ha -1 with 10 t lime ha -1 . Separate addition of 30 kg P ha -1 and 8 t FYM ha -1 resulted in increased available P by 52 and 48%, respectively over the control at the 60 days of incubation. Combined applications of 8 t FYM ha -1 , 30 kg P ha -1 with 5 t lime ha -1 added significantly more available P with an increase of 70%, over the control at the 60 days of incubation. 3.32 11.75 Means within a column followed by the same letter are not significantly different at P > 0.001; CV = coefficient of variation
Effects of organic and inorganic amendments on exchangeable acidity and Al
Exchangeable acidity and Al were affected significantly due to application of treatments and over incubation period. Maximum reduction of exchangeable acidity and Al were recorded with the application of 30 kg P ha -1 + 10 t lime ha -1 followed by 4 t FYM or compost ha -1 + 15 kg P ha -1 + 10 t lime ha -1 . 11.34 14.59 Means within a column followed by the same letter are not significantly different at P > 0.001; CV = coefficient of variation Statistically, application of 4 t FYM ha -1 + 15 kg P ha -1 + 5 t lime ha -1 was as effective as the above two treatments in reducing exchangeable acidity and Al. Among sole treatments, application of 10 t lime ha -1 reduced exchangeable acidity and Al significantly over the control (Table 5) .
Effects of organic and inorganic amendments on exchangeable bases
Exchangeable Ca was significantly affected by organic and inorganic treatments and incubation period (Table 6 ). However, there was not statistically difference obtained as a result of organic and inorganic amendments on exchangeable Mg, K and Na (Table 6 and 7). Highest exchangeable Ca was obtained at 20 days of incubation with the application of 30 kg P ha -1 + 10 t lime ha -1 followed by 4 t ha -1 FYM + 15 kg P ha -1 + 10 t lime ha -1 . Among sole treatments, lime at the 20 days and FYM at the 60 days gave highest exchangeable Ca. Period of incubation did not show consistency for exchangeable Ca and Mg. In most treatments of only lime and combinations having lime, exchangeable Ca and Mg showed antagonistic relationships. For example, applications of 10 t lime ha -1 , 30 kg P ha -1 + 10 t lime ha -1 , 8 t compost ha -1 + 5 t lime ha -1 , 8 t FYM ha -1 + 30 kg P ha -1 + 5 t ha -1 lime ha -1 brought about a decrease in exchangeable Ca with an increase in exchangeable Mg with increasing incubation period. 13.10 42.37 Means within a column followed by the same letter are not significantly different at P > 0.001; CV = coefficient of variation 
Effects of organic and inorganic amendments on ECEC and exchangeable cation ratios
Effective cation exchange capacity was affected significantly due to organic and inorganic treatment applications (Table 8) . Sole or combined applications of lime, compost and FYM improved the ECEC of the soil. Considering sole treatment applications compared with the control, addition of 10 t lime ha -1 elevated ECEC from the respective control to 21.08 and 22.30 cmolc kg -1 at the 20 and 40 days of incubation, respectively. Likewise, combined applications of 30 kg P ha -1 + 10 t lime ha -1 , 4 t FYM ha -1 + 15 kg P ha -1 + 10 t lime ha -1 , and 8 t FYM ha -1 + 5 t lime ha -1 improved ECEC of the soil from 19.53 to 24.27, 23.06, and 21.47 cmolc kg -1 , respectively at the 40 days of incubation. The effects of separate or combined application of organic and inorganic amendments on the ratio of exchangeable Ca/K was significant but it was found non-significant on the ratio of Ca/Mg and Mg/K (Table  8) . However, it was observed that numerical variations exist among the treatments and the incubation periods. Application of 4 t FYM ha -1 + 15 kg P ha -1 + 10 t lime ha -1 , and 10 t lime ha -1 + 30 kg P ha -1 increased the ratio of Ca/K from 19.98 to 40.75 and 40.54, respectively at the 20 days of incubation.
Discussion
The effect of FYM or compost when applied separately to increase the pH was less as compared to sole lime application. However, when 4 t ha -1 of either FYM or compost was applied with half rate of lime brought the soil pH to 5.97 and 5.75, respectively at the 40 days of incubation which could be considered as the favorable pH range for crop production. Although increasing the lime rate from 5 to 10 t ha -1 in the combination showed a linear increase in soil pH, combined application of half FYM or compost with half lime and P could be sufficient to improve soil pH to a level where soil acidity is reduced and nutrient availability is increased. Unlike this finding of gradual pH change due to FYM or compost, Whalen et al. (2000) reported an immediate increase in the pH of acid soils after application of fresh cattle manure, and the effect persisted during 60 days of incubation of soil manure mixtures. The high initial pH, exchangeable bases and proton consumption capacity may contribute to raise pH of FYM or compost amended soil. Ortiz Escobar and Hue (2008) indicated similar effects on soil pH after manure or compost applications. Another justification could be due to the buffering of carbonates and bicarbonate and other compounds, such as organic compounds with carboxyl and phenolic hydroxyl functional group, which consume proton and control the variation of pH in soils and their ability of buffering to neutralize soil acidity (Mokolobate and Haynes, 2002; Naramabuye and Hayes, 2007) . In the case of lime, the increase in soil moisture causes the dissociation of the carbonates of Ca at the end of the reaction, the release of OH − ions in the solution, which increases soil pH (Verde et al., 2013; Moreira et al., 2015) . The pH decline after 40 days of incubation was attributed to the H + produced during the conversion of organic N and S to NO3 -and SO4 2-, respectively. However, this acidification is an artefact of incubation in closed area favoring NO3 -accumulation (Samake, 2014) . But under field conditions much nitrate produced would be absorbed by growing plants leading to OH -releasing that can neutralize soil acidity (Heyar and Porter, 1989 ). The increased availability of P with time due to application of FYM or compost separately or in the combination could be the result of gradual mineralization of OM (Opala et al., 2010) and the release of organic acids that bound with Al and decreased P fixation (von Wandruszka, 2006) . Net P mineralization would also be expected to occur because FYM had a higher P concentration (0.31%) than the critical level of 0.25% required for net P mineralization (Nziguheba et al., 1998) . The presence of humic acid and fulvic acid on soil and oxide surfaces restricted subsequent P adsorption (Mokolobate and Haynes, 2002) . The observed earlier availability of highest P with lime and P application might be due to the rapid neutralization of soil acidity and increased solubility of the applied TSP fertilizer. An increase in the available P content in strongly acidic soil after liming was also recorded in other experiments (Özenç and Özenç, 2009; Jaskulska et al., 2014) . Generally, incubation of all various combinations for 60 days, and incubation of 30 kg P ha -1 plus 10 t lime ha -1 for 20 days could improve the soil available P to the moderate range. When full or half rate of FYM, or compost was combined with half or full rate of lime in the treatment combinations, exchangeable Al 3+ was observed to the level of non toxicity at the 60 days of incubation, indicating that including organic amendments could reduce soil acidity but with a relatively slower rate. This may be ascribed to the time taken for complete decomposition of the applied OM. Although both lime and FYM contributed in reducing exchangeable acidity and Al, the changes observed were largely attributed to the applied lime. Because it was shown that among separate treatment applications, lime was superior to reduce soil acidity. Application of lime tends to raise the soil pH and reduce acidity by displacement of H + , Fe 2+ , Al 3+ and Mn 4+ ions from soil adsorption site (Osundwa et al., 2013; The et al., 2006) . Similarly, Fageria and Baligar (2008) explained the presence of cations such as Ca 2+ in lime exchange and/or replace H + on the exchange sites and anions such as CO3 2-and OH -to neutralize the H + released from the exchange sites and hydrolyzing Al species to the soil solution. Liming of acidic soils increased soil pH and exchangeable bases thereby reducing the magnitude of soil acidity, exchangeable acidity and Al saturation (Osundwa et al., 2013) . Ano and Ubochi (2007) indicated that animal manures significantly increased the soil pH from 4.6 to values above 5.6 and also reduced exchangeable acidity from 3.00 cmol kg -1 to values below 0.35 cmol kg -1 . Another study conducted in acidic soil in Kenya reported application of FYM increased the soil pH and reduced the exchangeable acidity and Al in the short term, but the inorganic P sources did not significantly affect these parameters (Opala et al., 2012) . Many studies have indicated that addition of OM to acidic soils can reduce Al toxicity (Liasu et al., 2008; Melese and Yli-Halla, 2016) . Organic matter reduces Al toxicity and its acidulating effects either by chelating or encapsulating the Al 3+ (Obiri-Nyarko, 2012 ). An increase in soil pH due to manure application apparently results in precipitation of exchangeable and soluble Al as insoluble Al hydroxides thus reducing concentration of Al in soil solution (Ano and Ubochi, 2007; Melese and Yli-Halla, 2016) . Several researchers reported increased Ca and Mg as a result of lime (Fageria and Baligar, 2003) and FYM (Kheyrodin and Antoun, 2012; Verde et al., 2013) applications on acid soils. The increased Ca could be due to the dissociation of lime and the decomposition of OM (Fageria and Baligar, 2003) . In agreement with this result, Rahman et al. (2002) also found increased available Ca in the soil as a result of applied manure either alone or combined with lime and attributed the increase to improved Ca availability as a result of improved soil pH, as was observed in this study. The observed antagonistic relation between exchangeable Ca and Mg could be due to the rapid dissolution of CaCO3 to increase more exchangeable Ca that compete Mg to take the exchange site whereas the effect of decomposition of FYM or compost gradually improved the exchangeable Mg with increasing period of incubation from 20 to 60 days. The elevation of ECEC is due to the effect of lime that increase the Ca 2+ concentration in the exchange site. Moreover, the improvement could also be attributed to the integrated effect of the amendments by improving soil pH, microbial activity, and exchangeable bases from FYM and compost decomposition. Increased ECEC and nutrient concentrations in acidic soils amended with compost or manure were observed in Senegal's peanut basin (McClintock and Diop, 2005) . Other researchers (Ano and Ubochi, 2007; Naramabuye and Hayes, 2007) have reported significant increases in exchangeable Ca, Mg and ECEC following the application of organic materials. In the same way, Fageria et al. (2014) reported liming acidic soil significantly increased base saturation and ECEC. The observed increased ratio of Ca/K was due to the availability of Ca from the applied lime rate. Although statistically, non significant values were obtained for Ca/Mg and Mg/K ratios, the nutrient balance is more affected by the magnitude of the ratio. The influence of liming on cation ratio has been reported (Fageria et al., 2014) . Graham (1959) proposed that for production of annual crops, ratio ranges of 7.1 to 10.8 for Ca/Mg, 17.0 to 32.5 for Ca/K, and 2.4 to 3.0 for Mg/K in soils are needed. Calculated values of Ca/Mg ratio for the applied 30 Kg P ha -1 + 5 or 10 t lime ha -1 at the 20 days incubation, and 8 t FYM ha -1 + 15 kg P ha -1 + 5 t lime ha -1 at the 40 days incubation showed in the proposed range. The ratio of Ca/K in most of separate or combined treatments across the incubation period could be considered as the favorable ratio for most crops whereas the Mg/K ratio obtained was higher than the proposed values. Kopittke and Menzies (2007) reviewed that examination of data from numerous studies would suggest that, within the ranges commonly found in soils, the chemical, physical, and biological fertility of a soil is generally not influenced by the ratios of Ca, Mg, and K.
Conclusion
Application of lime, FYM and compost brought significant change in the selected soil chemical properties of acidic soil incubated at various periods. Application of 10 t lime ha -1 alone or 5 t lime ha -1 combined with 4 t ha -1 FYM or compost showed a marked increase in pH at the 20 and 40 days of incubation. All treatments showed increased P availability consistently with increasing time of incubation. Maximum available P was observed at the 60 days of incubation due to application of 8 t ha -1 FYM + 30 kg P ha -1 + 5 t lime ha -1 followed by 8 t ha -1 compost + 30 kg P ha -1 + 5 t lime ha -1 . Highest exchangeable Ca was obtained at 20 days of incubation with the application of 30 kg P ha -1 + 10 t lime ha -1 followed by 4 t ha -1 FYM + 15 kg P ha -1 + 10 t lime ha -1 . Among sole treatments, lime at the 20 days and FYM at the 60 days gave highest exchangeable Ca. Maximum reduction of exchangeable acidity and Al were recorded with the application of 30 kg P ha -1 + 10 t lime ha -1 followed by 4 t FYM or compost ha -1 + 15 kg P ha -1 + 10 t lime ha -1 at the 40 and 60 days of incubation. Considering the incubation period, application of all treatments except sole P consistently reduced exchangeable acidity and Al with increasing time. More exchangeable acidity and Al were reduced at the 40 and 60 days of incubation with the combined application of FYM, P and lime. Application of 8 t FYM ha -1 was as effective as 5 t lime ha -1 in reducing soil acidity and Al toxicity. Sole or combined applications of lime, compost and FYM improved the ECEC of the soil. Thus, combined application of 4 t FYM ha -1 , 15 kg P ha -1 + 10 t lime ha -1 or 8 t FYM ha -1 , 30 kg P ha -1 + 5 t lime ha -1 could be taken as alternative strategy in the efforts of acidic soil management and improve soil nutrient status in Lay Gayint district. Generally, it would be possible to increase the soil nutrient content and reduce the level of soil acidity with integrated application of organic and inorganic amendments but the time of application should be considered. For lime, FYM and compost combinations, 40 to 60 days of incubation earlier to planting would allow decomposition and chemical reaction with the soil. Since the experiment was done in the greenhouse for only one round, it should be repeated in the field for long years to obtain consistent results.
